Antioxidant activities of zyzzyanones A-D (1-4) and makaluvamines C (8), E (5), G (6), H (9), and L (7) isolated from the marine sponge Zyzzya fuliginosa (Carter, 1879) were evaluated using 2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonate) (ABTS) scavenging assay and AAPH (2,2'-azobis(2-amidinopropane) dihydrochloride) induced autoxidation of linoleic acid. Zyzzyanones A, B (1, 2; TE = 0.3), C, D (3, 4; TE = 0.24) and makaluvamines 5-7 (TE = 0.6) displayed moderate activities in the ABTS assay and in the autoxidation of linoleic acid (61-66 % inhibition at concentrations of 0.1 mM). Makaluvamines C (8) and H (9) were essentially inactive in the both assays. Structure-activity relationships showed that antioxidant activities of tested compounds depended on the presence of a phenolic function in molecules. Makaluvamines 5-7 possessing a p-hydroxystyryl moiety were more active than zyzzyanones 1-4 possessing a p-hydroxyphenyl fragment. The presence of a charged side chain in 1 and 2 slightly increases their ABTS scavenging activity in comparison with compounds 3 and 4. Structural variations in a pyrroloquinoline skeleton of 5-7 and in a dipyrroloquinone core of 1-4 have no effect on activities.
The marine sponge Zyzzya fuliginosa (order Poecilosclerida) is a rich source of alkaloids with a pyrrolo[4,3,2-de]quinoline skeleton: makaluvamines, damirones, veiutamine, batzellines, isobatzellines, and discrhabdins [1, 2] . Moreover, makaluvic acids, ring-opened examples of pyrrolo[4,3,2-de]quinolines, and zyzzyanones having a pyrrolo[3,2-f]indole-4,8(1H,7H)-dione skeleton were found in Z. fuliginosa [1] [2] [3] . Pyrroloquinoline alkaloids have shown a variety of biological activities such as inhibition of topoisomerase I and II, cytotoxicity against different tumor cell lines, inhibition of the phosphatase activity of calcineurin and peptidase activity of CPP32, antifungal and antimicrobial activities [2] . In the course of our search for natural antioxidants we evaluated antioxidant activities of zyzzyanones A-D (1-4) and makaluvamines C (8), E (5), G (6), H (9), and L (7) isolated earlier from the marine sponge Z. fuliginosa [3] . Previously, some makaluvamines were screened for antioxidant activity using TLC-based 2,2-diphenyl-1picrylhydrazyl radical (DPPH) scavenging assay, where they were designated as inactive [4] . Indeed, some colored compounds are often designated as inactive in the DPPH scavenging assay due their intensive absorption near the absorption of the DPPH radical. To evaluate antioxidant activities we used ABTS scavenging assay and AAPH induced autoxidation of linoleic acid, which are suitable for these classes of colored metabolites. Antioxidant activity of zyzzyanones is studied for the first time.
The ABTS assay determines the radical scavenging activity of compounds toward the ABTS •+ radical cation [5] . In this method, the ABTS is chemically oxidized to its radical cation ABTS •+ , which is intensely blue-green colored, and the antioxidant capacity of a compound is measured as its ability to reduce the color by reacting with the ABTS •+ . The results are expressed relative to the activity of Trolox, a water-soluble -tocopherol analogue, measured under the same conditions. It was shown, that the ABTS •+ scavenging activity of compounds 1-7 was concentration dependent and a gradual increase in concentration increased the activity. Concentrations that caused a 50% reduction of the absorbance of ABTS •+ and Trolox equivalents (TE) are given in Table 1 . It can be seen that makaluvamines E (5), G (6), and L (7) were more active in the ABTS •+ scavenging assay, showing a potency 60% of that of Trolox. Zyzzyanones A (1) and B (2) displayed an antioxidant activity 30% that of Trolox, while zyzzyanones C (3) and D (4) showed an activity about 24% that of Trolox. Makaluvamines C (8) and H (9) were essentially inactive. These two compounds showed very weak activities, with EC 50 values at a concentration above 700 M (TE < 0.02), probably thanks to their charge and reductive potential [6] .
From a structural point of view, makaluvamines possessing a p-hydroxystyryl fragment were more active than zyzzyanones containing a p-substituted phenol moiety connected to a dipyrroloquinone core. Structural variations in a pyrroloquinoline core of 5-7 and in a dipyrroloquinone skeleton of 1-4 did not influence activities (Table 1) . Thus, the presence of a p-hydroxystyryl unit is the main feature which defines higher activities of makaluvamines 5-7 in comparison with zyzzyanones. This conclusion is supported by published data for makaluvamine P [7] , which differs from makaluvamine G (6) by the presence of a p-hydroxyphenethyl unit and which showed antioxidant activity (TE = 0.341) lower than that of 6 (TE = 0.6). Activities of zyzzyanones 1 and 2, having a charged side chain, were little higher than those of zyzzyanones 3 and 4. Antioxidant activity of compounds 1-9 was further assessed using APPH induced autoxidation of linoleic acid ( Table 2 ). In this assay peroxyl radicals are produced at a constant rate, and progress of autoxidation is monitored by UV absorbance of conjugated diene peroxides formed from linoleic acid oxidation [8] . Compounds 1-7 showed a moderate antioxidant activity, which was about 1.5 times lower than that of BHT. The activity of zyzzyanones was a little less than that of makaluvamines 5-7. Makaluvamines C (8) and H (9) did not inhibit linoleic acid autoxidation.
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Analysis of zyzzyanones and makaluvamines as radical scavengers showed that these metabolites possess moderate antioxidant activity and this activity is defined by the presence of a phenolic function in the molecules.
Experimental

General:
Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2carboxylic acid), and 2,2-diphenyl-1-picryl-hydrazyl (DPPH) were purchased from Fluka; 2,2'-azinobis(3-ethylbenzthiazoline-6sulfonic acid (ABTS) from Sigma-Aldrich; and butylated hydroxytoluene (BHT) from Biolar (Olaine, Latvia). UV/Vis spectra were recorded on an UV-mini 1240 spectrophotometer (Shimadzu). All solvents used in this study were of analytical grade.
Compounds: Makaluvamines C, E, G, H, L, and zyzzyanones A-D were isolated earlier from the Australian marine sponge Z. fuliginosa [3] .
ABTS + scavenging assay: To measure the antioxidant activity of compounds the ABTS + assay was adapted from a published method [5] . To 20 L of EtOH solutions of the test compound at different concentrations (10 -100 M final concentrations), 1.98 mL of the diluted ABTS + solution (A = 0.7  0.02) was added and the absorbance was measured at 734 nm after 5 min. Inhibition was calculated as follows: Inhibition (%) = 100 -(A reaction  100/A control ), where A reaction is the absorbance of the reaction mixture, and A control is the absorbance of the ABTS + solution. EtOH was used as a blank. Trolox was used as a positive control standard. Trolox equivalents (TE) = EC 50 (Trolox)/EC 50 (compound), where EC 50 expresses the concentration that caused a 50% reduction of the absorbance.
Linoleic acid autoxidation inhibition assay:
Antioxidant activity of compounds was determined using described methods [8] , with slight modification. A straight vial (15 mm diameter; 40 mm height) shaking. A 400 L aliquot was taken at 10-min intervals from the reaction mixture and the absorbance of conjugated diene hydroperoxides at 234 nm was measured for 1 h in a 1 mm pathlength cell. The rate of conjugated diene hydroperoxides formation was calculated as follows: oxidation rate (M/min) = (A f -A 0 )/(T f -T 0 )   -1 b -1 10 6 , where  is the molar extinction coefficient of the conjugated dienes at 234 nm ( = 27000 M -l cm -1 [8] ); b = 0.1 cm, the light path for the cell; A 0 and A f , the absorbance at zero (T 0 ) and final time (T f ) of oxidation. Inhibition (%) = 100 -(oxidation rate compound  100/oxidation rate control ).
